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(54) Method and device for control of invertors 

(57) Method of control of a three-phase or multi- 
three-phase invertor (1) supplied from a DC voltage 
source (2) and controlled by a processor (5) for deriving, 
in the course of successive slaving periods, signals for 
pulse-width-modulation control of the transistors of the : 
Invertor, It consists, from measuring the power supply 
current of the invertor and from taking account of the 
switching states of the transistors, in reconstituting the 
phase currents. When, within a PWM period, a time in- 
terval (ul, u2) between the instant of switching of a tran- 



sistor of one phase and the instant of switching of a cor- 
responding transistor of a following phase becomes less 
than a predetermined threshold value, preventing the 
measurement, a PWM in generated defining a meas- 
urement time interval of sufficient duration to allow 
measurement of the effects of the switching on the line 
current, and the duration of the other PWMs of the same 
slaving period is reduced, by a value such that the sum 
of the reductions of these other PWM A compensates for 
the increase.in the PWM defining the measurement in- 
terval. 
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Description 

The present invention concerns the control of inver- 
ters, and relates more particularly to the control of three- 
phase of multi-three-phase invertors. 5 

In order to control a three-phase motor efficiently, it 
is necessary to use a control algorithm which employs 
three-phase currents. 

In most invertor systems, information relating to the 
phase currents is necessary. 10 

A first known method of obtaining these currents 
consists in detecting them directly but this needs at 
least two sensors applied directly to the phases of the 
motor, depending on the connections of the windings of 
the motor. These types of sensors are usually expensive is 
because of their sophisticated nature and the need to 
isolate them. 

Another way which is also known is to detect only 
the line current and measure the three phase currents 
on the basis of this line current. This second method 20 
needs a simple inexpensive resistor as sensor and does 
not need to be isolated. 

Since the switching stats of the invertor is controlled 
directly, using a digital signal processor, it is possible to 
ascertain the exact electrical path taken by the input cur- 25 
rent through the invertor to each phase. 

The phase currents can then be linked directly with 
the line currents. The phase currents which are obtained 
are due to an actual detection of the current, and are not 
the result of a simulation which needs a model of the 30 
output circuit. The means of estimation is therefore fully 
independent of the input and output circuits of the inver- 
tor. 

The phase currents are estimated on the basis of 
the line direct current, as a function of the state of the 3S 
invertor. 

Under certain conditions, the time difference be- 
tween two states of the invertor is very small. In this 
case, because of the switching time of the transistors 
involved in the construction of the inverter, the presence 40 
of a dead band, and the response delays of the elec- 
tronic processing circuits, the phase signal is invisible 
on the line current which is processed. As a conse- 
quence, no current measurement is possible during this 
period. 45 

A known method gives a solution for overcoming 
this limitation due to the circuit and for making an esti- 
mate of the current with better precision in a wider range 
of loads and speeds than the methods described above 
allow. so 

An invertor generally includes three pairs of switch- 
ing elements, for example transistors, the emitter-col- 
lector paths of the transistors in each paid being con- 
nected in series to the terminals of a DC voltage source. 

The bases of the transistors of each pair are con- ss 
nected to the pulse-width-modulation control outputs of 
a processor and respectively receive a switching signal 
and its complement. The connections between the tran- 



sistors in each pair are each connected to a phase wind- 
ing of the motor to be controlled. 

The following situation will be considered. In order 
to represent the switching stats of an invertor, a switch- 
ing function Sa is defined for a phase A as follows: Sa 
= 1 when the upper transistor of the phase A is "ON", 
and Sa = O when the lower transistor of the phase A is 
"ON", and the upper transistor is "OFF". 

Similar definitions can be given of or the phases B 
andC. 

The signals, Sb, Sc controlling the lower transistors 
are the opposites of the signals Sa, Sb, Sc with a dead 
band being added. 

The term dead band is used to denote the time dif- 
ference between the switching of the upper and lower 
transistors of the same phase. The two transistors of 
each phase are never "ON" at the same time. The pur- 
pose of the dead band is to protect the energy devices 
supplied by the invertor during the switching, by avoid- 
ing ON-stals overlaps and consequently high transient 
currents. 

The stator current can then be expressed as a func- 
tion of the switching states of the transistors of the in- 



vertor. 






idc = 


ia when (Sa, Sb, Sc) = 


= (1,0,0) 


idc = 


-ia when (Sa, Sb, Sc) 


= (0,1,1) 


idc = 


ib when (Sa, Sb, Sc) = 


= (0,1,0) 


idc = 


-ib when (Sa, Sb, Sc) 


= 0.0.1) 


idc = 


ic when (Sa, Sb, Sc) = 


: (0,0,1) 


idc = 


-ic when (Sa, Sb, Sc) : 


= (1.1.0) 


idc - 


0 when (Sa, Sb, Sc) = 


(1.1.1) 


idc - 


0 when (Sa, Sb, Sc) = 


(0.0,0) 



By using the equations mentioned above as a basis, 
a phase current can be related to the DC line current. In 
consequence, three phase currents can be measured 
by considering only the line in direct current. 

If the pulse-width-modulation frequency is high 
enough, the phase current changes only slightly over 
one or two pulse-width-modulation periods. A measured 
phase current thus gives a reasonable approximation of 
the true current. 

For example, when an interrupt 1 takes place, the 
state of the invertor is (0,0,1) and the phase current 
measured is ic = idc. After interrupt 2, the sample current 
will be determined by (1 ,0,1 ), so that ib = -idc. 

One way of phase current reconstruction consists 
in generating a configuration for a control cycle time last- 
ing 250 us and sorted according to the switching state 
to update a stack containing the estimated phase cur- 
rent. With the samples obtained, an average is proc- 
essed to determine each estimated phase current. 

Given that the sampling takes place with fixed time, 
some small configurations, less than 30 \xs, may be un- 
detected. In order to remedy these undetectable sig- 
nals, a zero duty cycle will be used for the first pulse- 
width modulation and the theoretical pulse-width mod- 
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ulation will be accumulated for the duty cycle of the fol- 
lowing period of the same vector. This process contin- 
ues until the accumulated duty cycle exceeds to 30 ps. 

Given that the samples are not synchronized with 
the states of the invertor, a large minimum duty cycle s 
(here 30 \is) is needed is order to make the line current 
coincide with the appropriate state. 

Let U1 be the time interval between the switching 
of the transistor of a first phase, from the start of a pulse- 
width-modulation period, and the switching of a corre- 10 
sponding transistor of a following phase. 

Let U2 to be time interval between the instant of 
switching of a transistor of the following phase and the 
switching of the corresponding transistor of the remain- 
ing phase. is 

Under certain conditions, U1 or U2 are very small 
and, because of the switching time of the transistors, the 
presence of a dead hand and response delays of the 
electronic processing circuits, the phase signal is invis- 
ible in the line current. 20 

The object of the invention is to overcome this draw- 
back by creating a control method for a three-phase mo- 
tor, which is of the type defined above and which is vir- 
tually insensitive to the reduction of the switching time 
intervals between the transistors of the successive 25 
phases of the invertor. 

The invention therefore relates to a method for con- 
trolling of a three-phase or multi-three-phase invertor 
comprising switching means for coupling the outputs to 
a DC voltage source, the invertor arranged to be con- 30 
trolled by means for deriving, in the course of successive 
slaving cycles, signals for pulse-width -mod ulation con- 
trol of the switching means on the basis of the phase 
currents obtained according to preceding measure- 
ments of the power supply line current of the invertor, 35 
such that, when, within a pulse-width-modulation peri- 
od, a time interval between the instant of switching of a 
switching means of one phase and the instant of switch- 
ing of a corresponding switching means of a following 
phase becomes less than a predetermined threshold 40 
valuer preventing the measurement, it consists in gen- 
erating a pulse-width modulation defining a measure- 
ment time interval of sufficient duration to allow meas- 
urement of the" effects of the said switching on the line 
current and in reducing the duration of the other pulse- 45 
width modulations, contained in the same slaving cycle, 
by a value, such that the sum of the reductions of these 
other pulse-width-modulalions compensates for the in- 
crease in the pulse-width-modulation defining the said 
measurement interval. so 

According to another characteristic of the invention, 
the reduction in the duration of the other pulse-width 
modulations is obtained by defining a compensation in- 
terval related to the corresponding measurement inter- 
val by the respective relations: ss 

(n-1) compensation U1 + measurement U1 
(n-1) compensation U2 + measurement U2 n U2 



in which n is the integer number of pulse-width-modula- 
tion periods per slaving cycle. 

The invention also relates to a device for controlling 
of a three-phase or multi-three-phase invertor compris- 
ing switching means for coupling the outputs of the in- 
vertor to a DC voltage source, the invertor being ar- 
ranged to be controlled by means for deriving, in the 
course of successive slaving cycles, signals for pulse- 
width-modulation control of the switching means on the 
basis of the phase currents obtained according to pre- 
ceding measurements of the power supply line current 
of the invertor, such that in that the means for deriving 
the control signals comprise means for generating a 35 
pulse-width modulation defining a measurement time in- 
terval, of sufficient duration to allow measurement of the 
effects of the said switching "ON" the line current when, 
within one pulse-width-modulation period, a time inter- 
val between the instant of switching of a switching 
means of one phase and the instant of switching of a 
corresponding switching means of a following phase be- 
comes less than a predetermined threshold value, pre- 
venting the measurement, and means for reducing the 
duration of the other pulse-width modulations, which are 
contained in the same slaving cycle, by a value such 
that the sum of the reductions in these other pulse-width 
modulations compensates for the increase in the pulse- 
width modulation defining the said measurement inter- 
val. 

According to one characteristic of the invention, the 
means for reducing the duration of the other pulse-width 
modulations comprise means defining a compensation 
interval related to the corresponding measurement in- 
terval by the respective relations: 

(n-1) compensation U1 + measurement U1 = n U1 
(n-1 ) compensation U2 + measurement U2 = n U2 

in which n is the integer number of pulse-width-modula- 
tion periods per slaving cycle. 

The invention will be understood more clearly from 
reading the following description, given solely by way of 
example and made with reference to the appended 
drawings, in which: 

Fig. 1 is a block diagram of a three-phase motor 
control device employing the method of the inven- 
tion; 

Fig. 2 is a circuit diagram of an invertor to which the 
invention is applied; 

Fig. 3 is an equivalent circuit diagram of an invertor 
supplying three star-connected windings of an elec- 
tric motor stator; 

Fig. 4 is a diagram as a function of time of symmet- 
rical signals controlling the upper transistors of the 
invertor in Figure 2; 

Fig. 5 is a synchronization diagram of the control 
signals delivered by the device of the invention us- 
ing symmetrical synchronization signals; 
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Fig. 5a is a synchronization diagram of the control 
signals delivered by the device of the invention, us- 
ing asymmetric synchronization signals; 
Fig. 6 is an operational flowchart of the processor 
of the control device for implementing the method 5 
according to the invention; and 
Fig. 7 is a flowchart for derivation of instructions 
needed for executing the flowchart in Fig. 6. 

Figure 1 shows the block diagram of a three-phase 10 
motor control device including an invertor 1 connected 
to the output terminals of a rectifier 2 via a line resistor 3. 

The rectifier 2 is supplied by the AC mains. 

A capacitor 4 is connected in parallel on the output 
of the rectifier upstream of the line resistor 3. is 

The device furthermore includes an invertor control 
processor 5 which has a measurement input linked to 
the line resistor 3 and is connected to the invertor by six 
control lines for the switching elements of the invertor, 
in a manner described with reference to Figure 2. 20 

The invertor 1 is linked by its outputs to the stator 
windings of the three phases A, B and C of a three- 
phase electric motor 6 and delivers currents ia, ib, ic to 
these three phases. 

The invertor 1 represented schematically in Figure 25 
2 includes three pairs of switching elements, such as 
transistors 8, 9, 10, 11, 12, 13. 

The emitter-collector paths of the transistors in each 
pair are connected in series to the terminals of the output 
of the rectifier 2, which delivers a DC voltage Udc. 30 

The bases of the transistors of each pair are con- 
nected to corresponding outputs of the processor 5, 
which advantageously consists of a digital signal proc- 
essor DSP and which delivers switching signals Sa, Sb, 
Sc to the upper 1 transistors 8, 10, 12 of the respective 35 
pairs_of transistors and complementary switching sig- 
nals Sa ; Sb, Sc to the lower transistors 9, 11, 13. 

The connections between the upper and lower tran- 
sistors of the respective pairs form the outputs of the 
invertor which are connected to the electric motor and 40 
deliver the currents ia, ib, ic respectively. 

As already indicated, the electric motor 6 is control- 
led by alternating currents phase-shifted by 3jc/2, 
formed from pulse-width-modulation signals calculated 
and generated by the processor 5 on the basis of the 45 
line current measured on the resistor 3 of the circuit in 
Figure 1, as well as phase currents measured during 
preceding slaving periods. 

The widths of the successive pulse- width-modula- 
tion signals of each phase control the corresponding so 
switchings of the switching elements of the invertor 1 . 

Given that, when the time intervals U1 and U2 be- 
tween the switching of a transistor of one phase and the 
switching of a corresponding transistor of the phase 
which follows it are too small, it is not possible to take ss 
measurements, the idea is to generate a greater time 
interval when it is desired to take this measurement and 
to compensate by generating shorter pulse-width mod- 



ulations during the remaining time of a given slaving or 
control cycle. 

For example, it is assumed that there is a control 
cycle time of 400 us. The pulse-width modulation has a 
carrier frequency of 1 2.5 kHz. 

During a control cycle, n = 5 similar patterns of 80 
us are generated. In the present case, the circuit sets a 
minimum time of 4 us between two consecutive switch- 
ing states in order to detect a measurement. If the case 
is taken in which, for a given speed and at a given load, 
the control algorithm calculates, at an instant t, differ- 
ences between the pulse-width modulations equal re- 
spectively to U1=12 us and U2=1 .5 u.s, the first time dif- 
ference will allow a current measurement but the second 
will not. 

In order to make it possible to take measurements 
at any moment, the method according to the invention 
consists in setting the minimum measurement time set 
by the chosen circuit to the small time value, here U2. 

U2 would thus be modified as U2 measurement = 
4 u.s. 

This artificial modification of certain pulse-width 
modulations may result in a different energy applied to 
the motor and to an inappropriate direction of the stator 
field. 

Given that more energy than necessary is applied 
to the motor, the efficiency is reduced. 

Similarly, generating an inappropriate flux entails 
torque fluctuations. 

In most control devices, the frequency of the main 
control cycle is less than the pulse-width-modulation fre- 
quency. 

The control device generates a plurality of similar 
pulse-width-modulation patterns with a single update of 
the phase currents. 

In order to remedy these drawbacks and apply the 
theoretical phase signals calculated by the control de- 
vice to the motor, the idea is therefore to set a minimum 
duration for the various PWM patterns, depending on 
whether or not a measurement is desired. 

During the measurements, the-pulse signals are 
adapted to correspond with the minimum time criteria 
set by the circuits, whereas during the remaining time, 
in which no measurement is taken, these signals are 
compensated in order to generate the same energy in 
the motor on average. 

Returning to the example above, five similar pat- 
terns are calculated during a single control cycle. During 
the measurement interval, U2 is equal to U2 measure- 
ment - 4 ps and U1 remains equal to 12 u.s. 

The other four patterns compensate for an excess 
energy generated by this measurement pattern by hav- 
ing a compensation delay U2 given by the relation: 

compensation 4U2 + measurement U2 = 5U2 
compensation U2 = measurement 5U2-U2/4 
compensation U2 = 5X1 .5-4/4 = 0.875 us 
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Of course, if the interval of insufficient value is UT, 
the same relation as the one applied to U2 is also ap- 
plied to U1. 

Furthermore, if the number of patterns per slaving 
cycle is different from 5, the relations (n-l)x compensa- 
tion U1 + measurement U1 = nxlM and (n-l)x compen- 
sation U2 + measurement U2 = nxU2 are also applied 
for calculating the corresponding compensation and 
measurement intervals. 

In order to generate coded-pulse modulation, use 
is made of a sychronization signal generated by the DSP 
5 which, according to a first embodiment, successively 
counts up and down, as represented on the diagram in 
Figure 5. 

At the end of each counting mode, an interrupt 
PRint occurs. 

Each time the main program of the processor intro- 
duces the interrupt, a count is incremented. 

By increasing this variable, the main program cal- 
culates the control signal once every n = 5 PWM peri- 
ods. 

The interrupt PRint generates the Compensation 
pattern and the measurement pattern when this is nec- 
essary. 

The interrupt MRint is enabled when a measure- 
ment pattern is delivered by the processor. 

The interrupt MRint starts a conversion and causes 
the measurement to be stored in the memory of the DSP 

5. 

The signals resulting from this synchronization are 
represented in Figure 5, below the sawtooth synchroni- 
zation signal. 

These signals are the three control pulse-width- 
modulation signals Sa, Sb, Sc of the three phases of the 
motors, which are represented partially and on an en- 
larged scale in Figure 4. 

In the present example, there are five signals gen- 
erated by the DSP 5 during a control or slaving cycle. 

The signals are symmetrical with respect to the 
peaks of the synchronization signals. 

They may also be asymmetric, as will be described 
with reference to Figure 5a. 

The signal Sa is the widest and defines an interval 
x between the start of a synchronization signal and its 
leading edge, on the one hand, and its trailing edge and 
the end of the synchronization signal, on the other hand. 

The signal Sb, which is narrower than the signal Sa, 
defines the interval U1 between the leading and trailing 
edges of the signals Sa and Sb. 

The signal Sc, which is even narrower, defines the 
interval U2 between the leading and trailing edges of the 
signals Sb and Sc. 

In the absence of the compensation according to 
the invention, U1 and U2 are the same for all the signals 
of a control cycle, as is represented on an enlarged 
scale in Figure 4. 

In consequence, if U1 or U2 become too narrow to 
take a measurement, an indeterminacy is generated on 



the corresponding signal. 

Figure 5 shows that, during the fifth synchronization 
signal, the pulse-width-modulation signals Sa, Sb and 
Sc are modified in width to make it possible to obtain a 
5 measurement interval measurement U2 of a sufficient 
duration to allow a measurement, whereas an interval 
U2 not processed by the method of the invention would 
be too narrow. 

This is obtained by widening the PWM signals Sa 
10 and Sb and by contracting the signal Sc. 

In order to compensate for the modification of the 
energy of the signal delivered to the electric motor as a 
result of this increase in U2, the other four signals Sc 
are widened, which leads to the generation of contract- 
's ed compensation U2 intervals, the sum of which with the 
measurement interval is equal to the sum of the unproc- 
essed intervals U2. 

In the case of producing a symmetrical pulse-width 
modulation PWM, the first half-period of a PWM is con- 
structed with the slate (0,0,0) given by the slate equa- 
tions of the functions Sa, Sb, Sc which are defined 
above. 

It is then constructed with two states in which at 
least one of the upper transistors 8 : 10, 12 (Fig. 2) is on 
and one of the lower transistors 9, 11, 1 3 is on (U1 and 
U2), and finally with the state (1,1,1). 

The second half-period has the same sequence but 
reversed in time. 

Since it is not possible to take any measurement 
during the states (0,0,0) and (1,1,1), two current meas- 
urements can be taken, one during an interval U1 and 
the other during an interval U2. The currents measured 
duringlhe intervals U1 and U2 belong to different phas- 
es. 

In the case of a star structure for the stator of the 
electric motor to be controlled, the third current can be 
deduced from the relation: 

ia + ib + ic = 0 

In the aforementioned example, the state of the in- 
vertor 1 (Fig. 3) is (0,0,1) during the interval U1. 

The phase current measured is then idc = ic. During 
the interval U2, the sample current is determined by 
(1 ,0,1 ). In consequence, idc = -ib; ib and ic are therefore 
determined, and ia = -(ib+ic). 

Figure 5a represents a diagram similar to the one 
in Figure 5, but in which the control signals of the tran- 
sistors of the inverter are asymmetric. 

This figure shows that the synchronization signal is 
a sawtooth signal generated by successive counting pe- 
riods, and that the signals Sa, Sb and Sc are synchro- 
nized with the vertical trailing edges of the sawtooth sig- 
nals. 

At the end of each count, an interrupt PRint is pro- 
duced. 

As in the example described with reference to Fig- 
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ure 5, an interrupt MRint is enabled when a measure- 
ment pattern is delivered by the processor 

In the present example, the interval measurement 
U2 is produced during the fifth period of the sawtooth 
synchronization signal. 

In this case, the signal Sa defines a single interval 
x between the start of a synchronization signal and its 
leading edge. 

The signal Sb, which is narrower than the signal Sa, 
defines the interval U1 between the leading edge ol the 
signal Sa and its own leading edge. 

The signal Sc, which is even narrower, defines the 
interval U2 between the leading edge of the signal Sb 
and its own leading edge. 

As in the diagram in Figure 5, the PWM signals Sa, 
Sb, Sc are modified in width during the fifth synchroni- 
zation signal in order to make it possible to obtain a 
measurement signal measurement U2 of sufficient du- 
ration. 

The contracted compensation intervals U2 gener- 
ated during the other four synchronization signals pro- 
vide the necessary energy compensation. 

The operation of the device according to the inven- 
tion will be explained clearly with reference to the flow- 
chart in Figure 6. 

Using the main program 20 stored in memory in the 
DSP, in step 21 there is a waiting period for the control 
flag to change to 1. 

Then during step 22, the intervals U1 and U2 and 
the PWM patterns are calculated. 

Du ring step 23, the relation U 1 <minimum interval is 
tested. 

If the response is negative, a confirmation is made 
during step 24 that the interval U1 can be the measure- 
ment interval and the compensation interval, and then 
the step 25 is carried out of testing the relation U2<min- 
imum interval. 

If the response to the question asked in step 23 is 
positive, then during step 26 the measurement and com- 
pensation intervals measurement U1 and compensa- 
tion U2 are calculated from the relations: 

comp. U1 = [5U1-min.int]/4 



mes. U1 = min.int 

Then the step 25 is also carried out of testing the 
relation U2<minimum interval. 

If the response to the question asked is no, then 
during step 27 it is confirmed that the interval U2 can be 
the measurement interval and the compensation inter- 
val, and during step 28 the main program for deriving 
the PWM signals is returned to. 

If the response is yes, then in step 29 the measure- 
ment and compensation intervals are calculated from 
the relations: 



comp. U2 = [5U2-min.int]/4 



5 mes. U2 = min im 

Then, during step 28, the main program for deriving 
the PWM signals is returned to. 

Figure 7 represents the flowchart for deriving the 
10 PWM patterns during a control or slaving period and for 
measuring the line current. 

During the step 30, the DSP generates an interrupt 
period PRint which occurs at the end of the counting 
mode. 

15 This step is followed by a control step 31 for a flag 
of incrementation by 1 modulo 5. 

During the step 32, the question is asked whether 
the flag control is equal to 4. 

If the response is yes, a measurement pattern is 
20 produced and applied during step 33. The PWMs are 
updated at the end of the countdown mode. 

If the response is no, a compensated pattern is ap- 
plied during the phase 34. 

During the application of the measurement pattern, 
2S during step 35 the measurement interrupts MRint estab- 
lished as a function of the measurement pattern are en- 
abled and applied. 

During this step, the three phase currents are de- 
duced from the two measurements taken on the line cur- 
30 rent. 

After steps 34 or 35, the main program is returned 
to during step 36. 

The advantages of the present solution are as fol- 
lows: 

35 if the performances of the two methods indicated 
above are compared for an asynchronous motor with 
two pairs of poles rated at 450 W, at a speed of 1 50 rpm 
with an empty drum as load and a 270 V voltage supply, 
this speed and this load represent an unfavourable case 

40 for the circuit defined above: 

The maximum time interval APWM between two 
switching states which can be detected because of the 
limitations of the circuit is 2.8 jis in the example de- 
scribed above. 

45 it is now assumed that an energy has been gener- 
ated within the motor corresponding to u n with ne[1,2] 
equal to 2.8 \is during 400 u.s. 

In the method of the invention, which is referred to 
as the "compensated solution", it will be possible to 

so measure the current during each control cycle by gen- 
erating the pattern with measurement u n = 2.8 fis and 
four other patterns with compensation u n = 0. In order 
to keep the same ratio for the two methods (they have 
different control cycle times), the energy corresponding 

55 to 2.8 ps over 400 u.s is 1 .75 ps over 250 ps. The sam- 
pling speed of the two methods for this small value of 
load and rate is as follows. 

In order to acquire a sample, the conventional meth- 
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od needs to have a minimum duty cycle of 30 f.is. 

In order to obtain the performance described above, 
the register must accumulate (abs(30/l.75)+1=) 18 
times the energy over 250 |js. The control will therefore 
acquire a sample every 18x250 us = 4.5 ms. 5 

Under the same conditions, the "compensated" so- 
lution according to the invention will obtain a sample 
every 400 fis. 

The sampling rate is therefore 10 times greater in 
the solution of the invention. 10 

The circuit used in this case has a dead band of 1 .2 
(as, but it is already possible for some invertors with a 
higher range of speeds to switch off in less than 150 ns 
and have control elements capable of generating a dead 
band of 200 ns. It therefore seems possible, with exist- is 
ing devices, to achieve a APWM equal to less than 500 
ns. The performance of the "compensated" solution are 
enhanced in the same ratio compared to the conven- 
tional solution. 

All these calculations were carried out for a partic- 20 
ular application. 

The numbers and the ratios given above may differ 
greatly for another application, but in any case, the re- 
sults of the estimate according to the invention remain 
more accurate than those of the conventional solution. 25 

The method according to the invention is a synchro- 
nous method, so that all algorithms can be used with a 
constant time base, this constituting the basis of all con- 
trol algorithms. 

This method provides continuous control for low 30 
speed and low load, and consequently better efficiency. 

Since it is known exactly when to obtain the correct 
sample coinciding with the corresponding current, there 
is no need to sample several times and take an average 
in order to obtain the phase current. In order to obtain 35 
the final measured current, it is not necessary to process 
an average over the samples or to filter in order to re- 
duce the locking effects of erroneous times. A significant 
saving is therefore made in the calculation time for 
measuring the currents. 40 

The method of the invention makes it possible to 
control a motor in a very wide range of speeds and 
loads, with ten times better performance than conven- 
tional methods. 

The torque and speed control performance can be *s 
enhanced by using efficient control algorithms for the 
price of a solution which has poorer performance. All 
devices for controlling synchronous and asynchronous 
motors, or in general all three-phase invertors, can now 
use this method to estimate the phase currents. so 

Although, in the example described above, the in- 
vention is applied to the control of a three-phase electric 
motor, and consequently that of a three-phase invertor, 
it can be applied equally well to the control of a multi- 
three-phase invertor in which the groups of three phases 55 
are processed in the same way as those of a three- 
phase invertor. 



Claims 

1. A method for controlling a three-phase or multi- 
three-phase invertor (1) comprising switching 
means (8, 9, 10, 11, 12, 1 3) for coupling the outputs 
of the invertor to a DC voltage sources (2), the in- 
vertor being arranged to be controlled by means (5) 
for deriving, in the course of successive slaving cy- 
cles, signals for pulse-width-modulation control of 
the switching means on the basis of the phase cur- 
rents obtained according to the preceding measure- 
ments of the power supply line current of the inver- 
tor, such that, when within a pulse-width-modulation 
period, a time interval (u1, u2) between the instant 
of switching of a switching means of one phase and 
the instant of switching of a corresponding switch- 
ing means of a following phase becomes less than 
a predetermined threshold value, preventing the 
measurement, it consists in generating a pulse- 
width modulation defining a measurement time in- 
terval (measurement ul; measurement u2) of suffi- 
cient duration to allow measurement of the effects 
of the said switching on the line current and in re- 
ducing the duration of the other pulse-width modu- 
lations, contained in the same slaving cycle, by a 
value such that the sum of the reductions of these 
other pulse-width modulations compensates for the 
increase in the pulse-width modulation defining the 
said measurement interval. 

2. The method according to Claim 1 , further compris- 
ing obtaining the reduction in the duration of the oth- 
er pulse-width modulations by defining a compen- 
sation interval (compensation ul; compensation u2) 
related to the corresponding measurement interval 
(measurement ul, measurement u2) by the respec- 
tive relations: 

(n-1) compensation u1 + measurement u1 = n 
u1 

(n-1) compensation u2 + measurement u2 = n 
u2 

in which n is the integer number of pulse-width mod- 
ulation periods per slaving cycle. 

3. The method according to Claim 1 or Claim 2, further 
comprising providing means for deriving the pulse- 
width -modulation control signals that comprises a 
processor (5) containing a program for implement- 
ing the method. 

4. The method according to Claim 3, wherein the step 
of providing the processor (5) comprises providing 
is a digital signal processor DSP. 

5. The method according to Claim 3 or Claim 4, further 
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comprising performing the derivation of the meas- 
urement intervals (measurement u1, measurement 
u2) and of the compensation intervals (compensa- 
tion u1, compensation u2) on the basis of a signal 
for synchronization of the pulse-width modulations 
of the three phase currents, derived by the proces- 
sor (5), the said synchronization signal being ob- 
tained by successive counting modes and defining 
interrupt periods (PRint) at the end of the succes- 
sive counting modes, and two measurement inter- 
rupts (MRint) in the course of a period of the syn- 
chronization signal. 

The method according to Claim 5, wherein the step 
of successive counting modes comprises counting 
modes and countdown modes in turn. 
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in which n is the integer number of pulse-width mod- 
ulation periods per slaving cycle. 

9. The device according to Claim 7 or Claim 8, wherein 
the means for deriving the pulse-width-modulation 
control signals comprise a processor (5) containing 
a program for implementing the method. 

10. The device according to Claim 9, wherein the proc- 
essor (5) is a digital signal processor DSP. 



A device for controlling of a three-phase invertor (1 ) 
comprising switching means (8, 9, 10, 11, 12, 13) 
for coupling the outputs of the invertor to a DC volt- 
age source (2), the invertor being combined with 
means (5) for deriving, in the course of successive 
slaving cycles, signals for pulse-width-modulation 
control of the switching means on the basis of the 
phase currents obtained according to preceding 
measurements of the power supply line current of 
the invertor, the means for deriving the control sig- 
nals comprising means for generating a pulse-width 
modulation defining a measurement time interval 
(measurement u1; measurement u2), of sufficient 
duration to allow measurement of the effects of the 
said switching on the line current when, within one 
pulse-width modulation period, a time interval (u1, 
u2) between the instant of switching of a switching 
means of one phase and the instant of switching of 
a corresponding switching means of a following 
phase becomes less than a predetermined thresh- 
old value, preventing the measurement, and means 
for reducing the duration of the other pulse-width 
modulations, which are contained in the same slav- 
ing cycle, by a value such that the sum of the reduc- 
tions in these other pulse- width modulations com- 
pensates for the increase in the pulse-width modu- 
lation defining the said measurement interval. 

The device according to Claim 7, wherein the 
means for reducing the duration of the other pulse- 
width modulations comprise means defining a com- 
pensation interval (compensation u1, compensa- 
tion u2) related to the corresponding measurement 
interval (measurement u1, measurement u2) bthe 
respective relations: 
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(n-1) compensation u1 + measurement u1 = n 
u1 

(n-1) compensation u2 + measurement u2 = n 
u2 
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